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Abstract 
Dyes are synthesized in a reactor, filtered, dried, blended with other color additives to produce the final product. The 
liquid effluent resulting from the manufacture of colored dye contains toxic organic residues and inorganic 
compounds. The present treatment technology involves: neutralization, flocculation, coagulation-settling, carbon 
adsorption, detoxification of organics by oxidation and biological treatments. In spite of the present treatment, the 
discharge effluent contains the color residual toxic compounds. In the present research study the dye effluent 
discharged at the waste disposal site has been characterized for physico-chemical and microbial characterization. The 
microorganisms adapted at contaminated sites have been isolated and cultured to use as a biomass for bioremediation 
of identified toxic organic compounds present in dye effluent. GC-MS has identified -octadecene; 5-Eicosene, (E)-; 
Di (2-ethylhexyl) phthalate; 1-nonadecene; Butyl-2-ethylhexyl phthalate; 5-Chloro-1,3-benzodioxole; 2- 
Oxazolidinone, 3, -dimethyl-5- phthalate; 1-Phenyl-5-methylnona-1, 3, 4-triene; and 2,2-Dimethyl-N-(3-methylpenyl) 
propanamide dye compounds in discharge effluents. The bioremediation of dye stuff- discharged effluent was carried 
out in a laboratory bioreactor using indigenous microbial consortium under controlled environmental conditions. The 
biodegradation studied at an interval of every hour for a day and thereafter each day for a period of 21 days, till the 
complete biodegradation takes place. Biodegradation has been studied using GC-MS; the intermediate compounds 
were found to be biodegraded into pthalic acid – a non toxic compound. The indigenous microbial consortium 
developed was found effective and efficient to biodegrade dye compounds into environmental friendly compounds. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICESD 2012 
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1. Introduction  
Environmental pollution is one of the most serious problems mankind and other life forms on our 
planet facing today. The environmental problems in India are growing rapidly. The main sources of the 
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hazardous contaminants are generated by the hazardous group of industries such as textile industry (Babu 
et al., 2000). The textile industry actually represents a range of industries with operations and processes as 
diverse as its products. The textile industries produce effluents that contain several types of chemicals 
such as dispersants, levelling agents, acids, alkalis, carriers and various dyes (Cooper, 1995). The 
synthesis of dyes in textile and other industrial dyes are used to impart the color to materials of which it 
becomes an integral part. The synthesis steps involve reactor such as sulfonation, halogenation, amination, 
diazonation and coupling followed by separation processes that may include distillation, precipitation and 
crystallization. The dye is then speared from the mixture and purified. On completion of the manufacture 
of actual color finishing operation including drying, grinding and standardization are performed. These 
are important for maintaining the consistent product quality. The waste generated during the process and 
operation of these dyes commonly found to contain the inorganic and organic contaminants leading to the 
hazard to ecosystem and biodiversity causing impact on the environment. In the present research study, 
dye effluent at the waste disposal site was characterized for physico-chemical and microbial parameters. 
The culture of microbial consortium has been developed by biostimualtion to carry out the bioremediation 
of toxic organic compounds present in the dye stuff in a bioreactor under controlled environmental 
conditions. The indigenous microbial consortium has been found effective and efficient for 
biodegradation of toxic organic compounds to nontoxic compounds. This waste treatment technology 
would be applicable for treatment of the hazardous waste. 
2. Materials and Methods 
2.1. Sampling Site 
Goregaon East is one of those areas in Mumbai where there are many small and big industries. Some 
of these are textile industries. The industries are generally involved in dyeing, printing and other wet 
processes of textiles. The dye effluent samples were collected from the waste disposal site of the 
industries. Sampling was done in the month of September 2009. Effluent- samples were collected in 
alcohol cleaned plastic bottles and soil samples were collected in polythene bags and stored at 4oC for 
further analysis. 
2.2. Physico-chemical characterization of Sample 
Soil was air dried, grounded and passed through a 2 mm pore size sieve and was stored in sealed 
containers at room temperature. Microbial characterization was done immediately after sampling. The 
samples were analyzed for the various physico-chemical parameters. The parameters were analyzed as 
per the “APHA, Standard Methods for Water and Waste Water Analysis” Volume 2, 1989 (APHA, 1989, 
1979). Microbial characterization of the samples was done within 24 h from the time of sample collection. 
The aseptically collected sample was characterized for the assessment of its microbial diversity. 1gm soil 
was mixed in 10ml. of autoclaved dw and 100μl of this suspension was grown on nutrient agar plate. 
Different microbial colonies were isolated based on morpho-colonial characteristics. The isolated 
microorganism after preliminary isolation and identification was further identified by conventional 
microbiological and biochemical techniques as described in Bergey’s Manual of Systematic Bacteriology 
(Holt et al. 1994).  
2.3. Bioremediation of Heavy Metals 
2.3.1. Microbial Biomass  
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Microorganisms adopted as waste disposal site were used as biomass for bioremediation of organic 
compounds, Colony forming units (CFU) per ml. were calculated according to the following formula: 
 
CFU/ml = Number of colonies x dilution factor 
Size of inoculums 
2.3.2. Experimental Setup for bioremediation of heavy metals 
In this process, contaminated effluent sample, indigenous microbial consortium and water are made 
into slurry which was brought within a bioreactor. It was a triphasic system containing air, water and 
solids. Air provides oxygen for bacterial growth. Bioremediation of dye stuff organic compounds was 
carried out in a bioreactor; having dimensions 20cm×20cm×25 cm, with a provision to supply the air (12 
mg DO/l), to maintain the aerobic conditions (Fig.8) (Dipty and Fulekar, 2007). 500ml of 1:1 diluted 
sample was taken in the bioreactor wherein mechanical stirrer was provided for agitation of biomass and 
making the close contact of microorganism with contaminant. The activated microbial culture was taken 
as microbial biomass for biodegradation of organic compounds. Sampling was done hourly from 1 to 6 
hrs, thereafter daily upto 7 days and further on the 14th day and 21st day to study the complete 
biodegradation of organic compounds. Physicochemical parameters have been determined daily and then 
after an interval of one week for two consecutive weeks. The number of CFU/ml was counted at an 
interval of every 24 h.  
2.3.3. Analytical procedure 
Samples were centrifuged (10 min, 10,000 rpm, Plasto crafts, Rota 6R-V/Fm) to separate cell mass and 
the supernatant and extracted in organic solvent (n-Hexane). The extracts were analyzed for identification 
of dye stuff organic compounds and its metabolites by Gas Chromatography-Mass Spectrometry. 
3. Results and Discussion: 
The dye effluents as well as solid waste samples (soil & sludge) were collected from the surrounding regions and 
from the collecting tank at the waste disposal site. Solid waste and effluent samples were characterized for 
physico-chemical and microbial parameters to determine the level of contamination. The dye effluent 
even after treatment found to contain color, toxic organic and inorganic compounds. The effluent 
collected was characterized at dye effluent site1 and site 2 for physico-chemical parameters. It was found 
that the pH of solid waste was found to be in alkaline (pH 8-9). Temperature was found to be 29oC-
29.6oC and Electrical conductivity was in range of 0.16-0.30 mS/cm. Similarly, acidity and alkalinity of 
solid waste was in range of 11-25 mg/L and 100-112 mg/L respectively. Organic carbon and organic 
matter content of soil sample was found to be 1.56% and 2.698% whereas; sludge sample was having 
1.32% (organic carbon) and 2.275% (organic matter). Nutrients were found to be present in dye effluent 
in sufficient amount for growth and proliferation of microorganisms. Nutrients include: phosphate (1-2.04 
mg/L), sulphate (1250-1575mg/L), Nitrogen (2.1-2.45 mg/L) (Table 1). Similarly, effluent samples 
collected from waste contaminated site were also characterized for physico-chemical characterization 
(Table 1). pH of effluent was found to be in very high range from 7-12. Temperature was found to be in 
range of 28.0 oC -30.1 oC which is optimum for microbial growth. Electrical Conductivity was found with 
an average value of 4.3 mS/cm (ranging from 1.58 mS/cm -7.16 mS/cm). Effluent sample showed high 
values of TS (5000-7600 mg/L), TSS (1050-5000 mg/L, TDS (2600-3950 mg/L). Acidity was found to be 
in range of 0-25 mg/L and alkalinity was found to be in very high range (40-130 mg/L). DO as well as 
BOD was found to be in between 6.569-8.51 mg/L and 800-1132 mg/L while COD was in the range of 
2300-2500 mg/L. Organic carbon of the water samples was found ranging from 0.96-1.15%. Phosphate, 
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sulfate and Nitrogen were found to be in sufficient amount 2-2.6 mg/L, 69-92 mg/L & 0.7-1.4 mg/L 
respectively. Dye stuff compounds present in higher concentrations than the permissible limit. The viable 
count of effluent samples and solid waste sample collected from site 1 was found to be 1.165 x 107 
CFU/ml and 1.4545 x 109 CFU/ml respectively. Similarly, the viable count of effluent samples and solid 
waste sample collected from site II was found to be 7.8 x 106 CFU/ml and 2.2 x 107 CFU/ml respectively 
(Figure 1). The microbial consortium was biostimualted in a minimal media under controlled 
environmental conditions so as to develop a culture which could be used as a potential biomass for 
bioremediaition of dyestuff effluent-persisting organic compounds. The dye stuff effluent characterized 
using GC-MS analysis were found to contain toxic organic compounds such as:1-octadecene; 5-Eicosene, 
(E)-; Di(2-ethylhexyl) phthalate; 1-nonadecene; Butyl-2-ethylhexyl phthalate; 5-Chloro-1,3-benzodioxole; 
2- Oxazolidinone, 3, -dimethyl-5- phthalate; 1-Phenyl-5-methylnona-1, 3, 4-triene; and 2,2-Dimethyl-N-
(3-methylpenyl) propanamide (fig.2). The dye stuff effluent remains in the soil-water environment would 
cause the contamination which will be persisting in the environment unless the remediation measures are 
adapted. Therefore, in present research study microbial consortium adapted at the dye effluent site were 
isolated and cultured for bioremediation of dye stuff compounds. The microbial consortium has been 
characterized by biochemical tests. The microbial consortium isolated from dye stuff waste disposal site 
contains microorganism such as S. aureus, Bacillus sp., Clostridia, Pseudomonas, streptococci, 
salmonella and shigella..  
Table. 1. Physico-Chemical Characterization of Dye Stuff Effluent 
                   SITES 
Parameters 
 
                 I                   II 
Average
 
 
Solid 
waste
 
Effluent
  
Solid 
waste
 
Effluent
  
Physical Parameters 
pH 8.78 7.41 8.24 11.42  8.9625
Temperature oC 29.1 28.1 29.6 30.1 29.225 
EC mS/cm 0.16 1.58 0.3 7.16 2.3 
TS (mg/L) NA 7600 NA 5000 6300 
TSS (mg/L) NA 5000 NA 1050 3025 
TDS (mg/L) NA 2600 NA 3950 3275 
Chemical Parameters 
Acidity (mg/L) 25 25 11.11 0 15.28 
Alkalinity (mg/L) 100 40 111.11 130 95.28 
Biological Parameters 
DO (mg/L) NA 8.515 NA 6.569 7.54 
BOD (mg/L) NA 803.76 NA 1131.16 967.46 
COD (mg/L) NA 2320 NA 2480 2400 
OC (%) 1.56 0.96 1.32 1.14 1.25 
Organic Matter (%) 2.689 1.655 2.275 1.965 2.14 
Nutrients 
Phosphates (mg/L) 2.0375 2.575 1.325 2.175 2.028 
Sulfates (mg/L) 1250 69.75 1575 91.5 746.56 
Nitrogen (mg/L) 2.1 0.7 2.45 1.4 1.6625 
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Fig. 1. Viable Count (CFU/ml) Of Dye Stuff Containing Effluent   
 
Fig. 2. GCMS spectra of textile contaminated wastewater 
The dye effluent containing toxic organic compounds was taken in bioreactor for bioremediation using 
biostimulated microbial consortium. Biodegradation was studied at an interval of 0, 1, 2, 3, 4, 5, 6 hrs for 
a period of one week and thereafter on 14th day and 21st day till the complete bioremediation takes place. 
During the biodegradation environmental parameters have also been studied by analyzing 
physicochemical parameters (table 2). Over a period of fifteen days, pH of the simulated effluent was 
found slightly alkaline in range i.e. 8-8.8 which may be due to microbial activity. Temperature was also 
found to be in the range of 28.5oC-30oC. Biological parameter such as DO shows a slight increase on Day 
2 and thereafter it gradually declined. BOD showed a gradual decrease over a period of 15 days. Similarly, 
COD of the simulated effluent was found to be directly proportional to the degradation of organic 
compounds. Growth pattern of the microbial consortium was found by measuring the optical density of 
the simulated effluent at 540 nm.  The microbial count has also been studied during bioremediation which 
indicates that the developed microbial consortium had potential for survival and growth in toxic 
compounds environment. This biostimualted microbial consortium has ability to biodegrade the persisting 
organic compounds. The compounds tentatively detected after day 3 of bioremediation experiment, using 
GC-MS and reported as- 1-Chloro-octadecene; Octanal, (2-phenylmethylene)-; 3-methyl-piperidine; 
Cycohexanol.5-methyl-2-(1-methylethyl)-(1 , 2 , 5 ); 3, 6ǂ ǂ ǂ -dichloro- pyridazine; 1-pentadecanethiol; 
Bis(2-ethylhexyl) phthalate (Figure 3)..  
Table.2: Physico-chemical parameters observed during bioremediation of dye stuff effluent 
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          Days 
Parameters 
   
0 
 
1 
 
2 
  
 3 
 
4 
 
5 
 
7 
 
15 
pH 8.77 8.42 8.03 8.19 8.05 8.26 8.43 8.41 
Temp.(oC) 28.8 29.7 30.3 28.8 30.1 28.9 28.9 32.2 
DO (mg/L) 7.0557 7.299 8.029 7.177 7.117 7.056 7.421 7.086 
BOD (mg/L) 2043.7 1971 1678.8 1094.4 985.8 802.8 912.6 583.8 
COD (mg/L) 5920 5856 5760 5696 5584 5440 4800 3680 
OC (%) 1.68     -       -     -       -       - 1.26 1.02 
Phosphate 
(mg/L) 
22.1     -       -     -       -       - 25.25  30 
Sulfate  
(mg/L) 
63.25    -       -          -       -        - 110.25  115 
CFU/mL* 0.0066 0.0323 0.7527 1.559 1.985 2.365 3.132 2.058 
* All values are multiples of 108  
 
 
Fig.3: GCMS spectra of day 3 simulated effluent   
    
Fig.4 : GCMS spectra of day7 simulated effluent 
Samples analyzed after 7 days of experiment showed the presence of organic compounds such as: 
Octanal, 2-(phenylmethylene), Bis (2-ethylhexyl) phthalate, and diisononyl phthalate(Figure 4). After 15 
days, compounds detected were benzene-d6, Butyl cyclohexyl phthalate, 3-nitro phthalic acid and 
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diisononyl phthalate (Figure 5). During biodegradation various intermediates were found which in the 
period of biodegradation converted into only four compounds. Plasticizer Di(2-ethylhexyl)phthalate 
obtained as a contaminant was degraded to monoester after three days and finally converted to phthalic 
acid. A possible pathway of degradation of Di (2-ethylhexyl) phthalate is given in figure 6. Some 
compounds like 3-nitro phthalic acid, isononyl phthalate and isooctyl phthalate formed as intermediates 
did not undergo degradation during 15 days period 
The biodegradation pathways of dye stuff compounds has been developed which shows 
biodegradation via. Di (2-ethylhexyl) phthalate, Butyl 2-ethylhexyl phthalate, Phthalic acid, butyl 
cyclohexyl ester, Mono-ethylhexl phthalate, Phthalic acid. Therefore, microbial consortium developed 
from dye stuff solid waste disposal site has been found as an effective source of microorganisms for 
biodegradation of persisting dye stuff compounds. The present research study would be applicable for 
decontamination of the persisting dye stuff pollutants in soil-water environment 
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